A hydrophobic cluster between transmembrane helices 5 and 6 constrains the thyrotropin-releasing hormone receptor in an inactive conformation.
We have studied the role of a highly conserved tryptophan and other aromatic residues of the thyrotropin-releasing hormone (TRH) receptor (TRH-R) that are predicted by computer modeling to form a hydrophobic cluster between transmembrane helix (TM)5 and TM6. The affinity of a mutant TRH-R, in which Trp279 was substituted by alanine (W279A TRH-R), for most tested agonists was higher than that of wild-type (WT) TRH-R, whereas its affinity for inverse agonists was diminished, suggesting that W279A TRH-R is constitutively active. We found that W279A TRH-R exhibited 3.9-fold more signaling activity than WT TRH-R in the absence of agonist. This increased basal activity was inhibited by the inverse agonist midazolam, confirming that the mutant receptor is constitutively active. Computer-simulated models of the unoccupied WT TRH-R, the TRH-occupied WT TRH-R, and various TRH-R mutants predict that a hydrophobic cluster of residues, including Trp279 (TM6), Tyr282, and Phe199 (TM5), constrains the receptor in an inactive conformation. In support of this model, we found that substitution of Phe199 by alanine or of Tyr282 by alanine or phenylalanine, but not of Tyr200 (by alanine or phenylalanine), resulted in a constitutively active receptor. We propose that a hydrophobic cluster including residues in TM5 and TM6 constrains the TRH-R in an inactive conformation via interhelical interactions. Disruption of these constraints by TRH binding or by mutation leads to changes in the relative positions of TM5 and TM6 and to the formation of an active form of TRH-R.